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Abstract
Staphylococcus saprophyticus is a common cause of uncomplicated
urinary tract infections and is usually susceptible to the antimi-
crobial agents used for their treatment. However, S. saprophyticus
resistant to b-lactam antibiotics and carrying mecA has been
reported. Eight Swedish isolates of mecA-positive S. saprophyticus
with diverse origin carrying at least three different types of
staphylococcal cassette chromosome mec (SCCmec) are
described here.
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Staphylococcus saprophyticus, a coagulase-negative staphylococ-
cus, is a common cause of uncomplicated urinary tract infec-
tions (UTI) in young and sexually active women. Routine
laboratory identiﬁcation of S. saprophyticus is mainly made on
the basis of resistance to novobiocin, absence of haemolysis,
and negative tests for coagulase and/or DNase. Staphylococcus
saprophyticus is usually susceptible to the antimicrobial agents
used for treatment of UTI.
However, during the late summer in 2007, three iso-
lates of S. saprophyticus were noted at the Department of
Clinical Microbiology, O¨rebro University Hospital, Sweden,
that were resistant to ampicillin and cephadroxil as deter-
mined by disc diffusion test (AB Biodisk, Solna, Sweden)
according to the Swedish Reference Group for Antibiotics
(SRGA, http://www.srga.org). Detection of mecA was per-
formed by using a multiplex PCR adapted for the LightCy-
cler System with SYBR Green I as described previously
[1], and the three isolates were found to carry the mecA
gene. A retrospective survey of S. saprophyticus isolated
from the period 2000–2008 revealed in 15 urine samples
containing S. saprophyticus regarded as resistant to cephadr-
oxil. Five of these isolates had been stored at )70C and
were subsequently further analysed. In addition, these ﬁve
isolates were mecA-positive. Altogether, eight isolates were
characterized by pulsed-ﬁeld gel electrophoresis (PFGE) of
chromosomal SmaI digests as described [1] and deter-
mined to the species level by ID32Staph (bioMe´rieux,
Marcy l’Etoile, France).
Determination of the staphylococcal cassette chromosome
mec (SCCmec) type I, II, III, IV and V was performed as
described [2] except for the class B mec complex, which was
identiﬁed according to Okuma et al. [3].
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The patients were all women aged 6–41 years (median
21 years), and the urine samples were collected at different
outpatient clinics from various parts of O¨rebro County
(ca. 280 000 inhabitants).
MecA-positive isolates of S. saprophyticus were ﬁrst
reported from Japan in 1991 [4] and have thereafter been
reported from Canada [5], the USA [6] and Brazil [7].
Although these are predominantly reports of sporadic cases,
the prevalence of mecA among S. saprophyticus was in a recent
study found to be 7.9% [8]. A large international survey [9] of
the antimicrobial susceptibility of pathogens causing uncompli-
cated UTI from mainly European countries revealed that only
1.7% and 0.9% of S. saprophyticus isolates were resistant to
ampicillin and cephadroxil, respectively. Nevertheless, eight
S. saprophyticus isolates obtained from O¨rebro County were
found to be resistant to ampicillin and cephadroxil, but sus-
ceptible to nitrofurantoin and trimethoprim. The mecA gene
was detected by PCR, and PFGE showed several pulsotypes as
shown in Fig. 1. In a recently published study [10] of the
molecular epidemiology of S. saprophyticus isolated from UTIs
in Sweden, no information was given about antimicrobial sus-
ceptibility. However, PFGE analysis of S. saprophyticus causing
UTI showed a rather heterogeneous pattern, although some
particular clones could be identiﬁed [10]. No epidemiological
connection was identiﬁed among our patients since the urine
samples were collected at various outpatient clinics in the
county. Characterization of the SCCmec could assign ﬁve of
the isolates as type III SCCmec, and those were indistinguish-
able or closely related according to the determination by
PFGE, whereas three isolates remained non-typeable using
our sets of primers. However, these isolates appear to repre-
sent at least two different SCCmec types, as shown in Table 1.
Pulsotyping indicated that the non-typeable isolates 04T648
and 06T1173, which carried different mec complexes, were
possibly related to each other, but not to the third isolate,
07T887(Fig. 1). Among S. epidermidis, type III and IV SCCmec
seems to be the most prevalent SCCmec types [11–13]. Nev-
ertheless, non-typeable isolates that probably carry novel
SCCmec types are commonly found. Of the non-typeable
S. saprophyticus isolates in the present report, two carried the
class A mec gene complex, but were negative for all the inves-
tigated ccr types. However, all eight isolates carried the inser-
tion sequence IS1272 somewhere in the chromosome, yet
only one isolate had the insertion in close proximity to mecA,
indicating a class B mec complex. We believe that SCCmec in
methicillin-resistant S. saprophyticus should be described with
caution and should not be directly compared with the
SCCmec described in methicillin-resistant Staphylococcus aur-
eus (MRSA), since only the essential components of the ele-
ments were detected, and since only a handful of isolates have
been investigated. However, the ﬁnding of similar mec com-
plexes in methicillin-resistant S. saprophyticus, as in MRSA, may
indicate a common origin. In contrast, the presence of a novel
ccr gene complex, or perhaps the absence thereof, clearly indi-
cates differences among various staphylococcal species and
motivates further studies in order to clarify the complexity
and obscurity of SCCmec in staphylococci, as shown by Hans-
sen et al. [14]. It is also interesting to note that, whereas the
majority of S. epidermidis isolates carry mecA, it is much less
prevalent in S. saprophyticus. This may indicate that the recipi-
ent chromosome differs among various staphylococcal species
and that the SCCmec types are different. Most recently, char-
acterization of the SCCmec of eight mecA-positive S. saprophyti-
cus isolates from Japan has been reported [15]. These isolates
were all non-typeable according to the current SCCmec classi-
ﬁcation, due to the presence of a class A mec complex and the
absence of an ampliﬁcation product for hitherto known ccr
genes. Further analysis of a prototype S. saprophyticus isolate
showed a novel composition of the class A mec gene complex
in combination with the ccrA1/ccrB3 gene complex.
In summary, this is the ﬁrst report of characterization of
methicillin-resistant S. saprophyticus from Europe, and these
isolates have diverse origins and carry various types of
SCCmec.
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FIG. 1. Pulsed-ﬁeld gel electrophoresis (PFGE) patterns of eight
mecA-positive Staphylococcus saprophyticus isolated from urine samples
in Sweden.
TABLE 1. Results of SCCmec typing of eight mecA-positive






SCCmeca1 2 3 C A B C
02T589 n n Pos n Pos Pos n n III
04T648 n n n n Pos n Pos n NT
04T741 n n Pos n Pos Pos n n III
06T599 n n Pos n Pos Pos n n III
06T1173 n n n n Pos Pos n n NT
07T887 n n n n Pos Pos n n NT
07T926 n n Pos n Pos Pos n n III
07T1006 n n Pos n Pos Pos n n III
aNT, not typeable.
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Abstract
Among 3904 meningococcal isolates collected between October
2002 and June 2007 by the French Meningococcal Reference
Centre, eight (0.20%) were resistant to rifampicin (Rif-R;
MIC >1 mg/L) and 27 (0.69%) were intermediate-resistant to
rifampicin (Rif-I; MICs between 0.38 mg/L and 1 mg/L) according
to the E-test method. The MICs determined by agar dilution
were lower, eliminating the E-test intermediate category. All
Rif-R isolates had mutations in the rpoB gene, resulting in
substitutions at or near amino acid position 552, which were
absent in non-resistant isolates. These data suggest that a
rifampicin clinical breakpoint of 1.0 mg/L should be adopted for
Neisseria meningitidis.
Keywords: Meningococcus, mtrR, resistance mechanisms, rifam-
picin, rpoB
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